Polycyclic aromatic hydrocarbons (PAH) were measured in the breathing zone air of 56 battery workers at two cokeovens during three consecutive days. The concentration of total PAH ranged up to 186 pg/m'. The concentration of pyrene ranged up to 24 pg/m'. Preshift and end ofshift urine samples were collected to determine 1-hydroxypyrene, a metabolite of pyrene. Control urine samples were available from 44 workers in the shipping yard of a hot rolling mill. The median values of 1-hydroxypyrene in urine of smoking and non-smoking controls were 0.51 and 0-17 umol/mol creatinine, respectively. Concentrations of 1-hydroxypyrene up to 11-2 pmol/mol were found in the urine of the cokeoven workers. At the start of the three day working period after 32 hours off work, the 1-hydroxypyrene concentrations were four times higher and at the end of the working period 10 times higher compared with control concentrations. Excretion of 1-hydroxypyrene occurred with a half life of 6-35 hours. Both the ambient air monitoring data and the biological monitoring data showed that the topside workers were the heaviest exposed workers. The relation between air monitoring data and biological monitoring data was not strong. Multiple regression analysis was performed to identify determinants of the internal dose. The combination of exposure and smoking amplify each other and the use of a protective airstream helmet decreases the internal dose. An effect ofalcohol consumption and the use of medication on the toxicokinetics of pyrene was not found.
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In coke works large amounts of tar fumes, containing polycyclic aromatic hydrocarbons (PAH), are released from the ovens in which coal is pyrolysed into coke. Thus battery workers in the vicinity of the ovens are highly exposed to PAH. The workers at the top of the battery (top side workers) belong to the highest exposed group.' The death rate from respiratory cancers for workers dealing with coal carbonisation is significantly increased"7 and other types of cancers associated with exposure to PAH are also increased.
The application of biological monitoring techniques to evaluate workers' exposure may contribute significantly to risk assessment by allowing the estimation of the effectively absorbed dose rather than just the external exposure concentrations as evaluated by environmental monitoring techniques.
Increased urinary concentrations of 1-hydroxypyrene were found in workers exposed to PAH-for example, among workers exposed to the wood preservative creosote oil,89 coal tar distillary workers,'°road paving workers using tar blended binders,1' and petroleum coke workers."2 The most intense phenolic peak in a GC-MS-chromatogram of cokeoven workers' urine corresponds to 1-hydroxypyrene (G Grimmer et al, 11th international symposium on polynuclear aromatic hydrocarbons, Gaithersbrag, 1987) . This metabolite of pyrene has been suggested as a suitable biological indicator of the internal dose of PAH.'
We present data on the concentrations of PAH in breathing zone air and 1 -hydroxypyrene in urine (hpU) of cokeoven workers. Job category at the cokeoven, breathing zone air concentrations, hours of exposure, protective devices, and personal variables are studied as determinants of the internal dose.
Study design, subjects, and methods
STUDY DESIGN
Fifty six men at two cokeovens of a steel plant who worked as battery workers volunteered to participate in this study. Personal air samples of the workers were taken during the three consecutive morning shifts (0600-1400) in November/December 1986. at the cokeoven (= exposure hours). The daily exposure hours and job activities were carefully registered by several industrial hygienists. The three day sampling period was preceded and followed by a workfree period of 32 hours.
On the same three days, spot urine samples just before (preshift = 0600) and immediately after the shift (end of shift = 1400) were collected. The 44 workers from the shipping yard at the hot rolling mill who were chosen as the control group collected one spot urine sample at the end of shift (1400). Blood samples of workers and controls were collected at the end of the third shift.
The After centrifugation the blood plasma was stored at -20°C. Plasma (2 ml) was diluted with 0-1 N acetate buffer (5 ml, pH = 5) and mixed with a vortex. A Seppak-C18 cartridge (Waters, Milford, MA, USA) was used to separate 1-hydroxypyrene from the plasma. After priming the cartridge, the sample was loaded, washed (10 ml aqua dust), and the retained metabolite was eluted using 9 ml methanol. The solvent was evaporated under a gentle flow of nitrogen (40°C) and the residue dissolved in 0 5 ml methanol. The samples were analysed with HPLC, equal to the methanolic urine sample. The recovery Table 2 shows the mean exposure of the individual cokeoven workers over three shifts to total PAH, pyrene, and the daily exposure period. The data are presented for each of the five job categories. The highest PAH concentrations and pyrene concentrations were found among the top side workers of cokeoven 1 (job category B).
The relation between the pyrene concentration and total PAH concentration was calculated with the mean of the three determinations per worker. Figure  1 shows a graph of pyrene versus total PAH. The agreement between pyrene and total PAH is high (r = 0 88), indicating that pyrene is an appropriate indicator for exposure to PAH at cokeovens. The relative distribution of PAH (PAH profile) in the personal air samples (fig 2) shows that fluoranthene and benz(a)anthracene were the most abundant PAH.
The intraindividual variability of the exposure was large. The average coefficient ofvariation (CV) ofthe pyrene concentration between three shifts of 47 workers was 68%. highest end of shift hpU levels and the highest increase over the shift (end of shift minus preshift value). This agrees with the air monitoring data, Figure 2 Average PAH-profile ofpersonal air samples of which also show the topside workers of cokeoven 1 to 54 cokeoven workers, three measurements each. Pyrene be the highest exposed workers.
concentration is taken as 100%. were not involved in a comparison. Table 6 shows the 1-HYDROXYPYRENE IN URINE three day average hpU of workers always using an
The smoking control workers showed a higher level airstream helmet and the average of workers never of urinary 1-hydroxypyrene compared with non-using such a helmet. The highest hpU levels were smoking controls (GM(5th-95th percen-found among the non-users. A multiple linear regrestile) = 0 51(0 04-124) n = 28 and 0-17(0 01-sion analysis was performed with end of shift 1-0-93) ptmol/mol creatinine, n = 14, respectively). hydroxypyrene concentrations as the dependent
The difference was statistically significant (Mann-variable and with the following independent variWitney U test, p = 0 003). Table 3 shows hpU-ables: preshift hpU, pyrene in air, hours of exposure, smoking habits (yes/no), and use of airstream helmet One reason for the increase of correlation in the course of the three shifts might be that the response ofthe body to the absorption ofpyrene is rather slow. When studying the relation external exposure versus uptake of a compound with a moderate half life, the fraction of the inhaled dose excreted in urine over a period of consecutive shifts may be used as a variable for the study of the individual differences of the kinetics in workers. Borm et al used this approach to study skin absorption of dimethylacetamide. 6 The formula for pyrene exposure: The mean of the two observations per worker (preshift three minutes postshift two and preshift two minus postshift one) was taken. Because a trace of hpU may be found in controls, only the data of the workers with significant increased urinary levels were involved in this analysis. Therefore, the data of workers were omitted when the hpU was below the Figure 4 shows a plot of the elimination rate constant and end of shift hpU. Of 36 workers, eight showed a negative constant, thus an increase of hpU over the night, probably as a result of a continuing process of absorption in the lungs or skin, or both. Figure 4 shows an increase of the constant k. at relatively low end of shift levels (< 3 0 pmol/mol) until a horizontal level, suggesting an initial phase of excretion with first order excretion elimination. Analysis of variance did not show a significant effect of the sources' smoking, alcohol consumption, use ofmedication, and ethnic origin on the elimination rate constant. When only the workers with high end of shift levels (> 30 0umol/mol) were taken, data of 18 This report also shows that topside workers are the workers with the highest exposure levels. As the pyrene/total PAH ratio is rather constant in this work environment, biological monitoring by a metabolite of one PAH might be used to study determinants of exposure to total PAH.
A trace amount of 1-hydroxypyrene was found in the urine ofnon-exposed subjects. This report shows a significant effect of smoking on the hpU level of an industrial control population. This diverges only a little from the results of a previous study,9 in which an increase among smoking controls was found but it did not reach significance level (p < 0 05). The distribution of smoking habits in the group under investigation and in the previously studied group was similar.
Then difference of hpU between the smoking and non-smoking controls is three times smaller than the difference between the smoking and non-smoking coke workers. This suggests a more than additive effect of exposure and smoking, either due to (1) contamination of cigarettes with tar from the cokeoven, (2) a decreased clearance from the ciliated surface of the upper part of the respiratory system of smokers that will result in an enhanced absorption among exposed smoking workers, or (3) a toxicokinetic effect such as increased resorption or a different metabolic conversion of pyrene in smoking workers. Our data were not extensive enough to test the contribution of each of these reasons.
This report gives evidence on the supposition that wearing an airstream helmet with a built in dust filter decreases the absorption of PAH. The data show a lower hpU level among the workers who always wear such a helmet. As the regular helmet wearing habits were asked for and not registered daily there might be a bias. Moreover, the workers wearing a protective helmet are most likely to be those with a positive attitude to clean working conditions. These workers are expected to follow also other protective measures.
A previous study suggested biphasic excretion of 1-hydroxypyrene.9 This study suggests an excretion with a half life of the initial phase of elimination ranging from six to 34 hours. The affinity of pyrene for lipids and the possibility of its deposition in adipose tissue is obvious. In our attempts to determine 1- 
